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WO 95/17192 PCT/US94/14624 

Methods for Reducing Mul tidrug Pt»sistance 
FIELD OF THK INVENTTOM 

The present invention relates to methods for the 
treatment of multidrug resistance, in another aspect, the 
present invention relates to methods of enhancing the 
5 intracellular accumulation of molecules within a cell, in 
yet another aspect, the present invention relates to 
— methods of enabling- molecules" to cross the blood-brain 
barrier. 

BACKGROUND OF T^ Bj INVBNTTnw 

10 The treatment of human tumors with cytotoxic 

drugs is an important part of modern clinical cancer 
therapy. However, effective tumor treatment is frequently 
thwarted by the lack of sensitivity of certain tumors to 
standard chemotherapeutic agents (intrinsic resistance) or 
15 by the ability of certain tumors to develop 
chemotherapeutic resistance during the course of treatment 
(acquired resistance). The cause of this phenomenon has, 
at least in part, been demonstrated to result from the 
existence of an energy-dependent efflux pump which acts to 
remove the chemotherapeutic agent from the target cell. 



20 



The pump consists of P-glycoprotein found as a 
constituent of the cell membrane. it has been suggested 
that the normal function of P-glycoprotein is to remove 
toxins from within the cell. This theory is supported by 

25 the observation that P-glycoprotein is found as a cell 
membrane constituent in cells such as liver, kidney, colon, 
and jejunum. it has also been suggested that 

P-glycoprotein in the cell membrane of normal tissues could 
act to remove toxins or to assist in the transport of 

30 nutrients and solutes, and in secreting a variety of 
protein and steroid substances. The natural presence of P- 
glycoprotein in tumor cells derived from these tissues, as 
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well as it, presence in tumor cells derived fro* other 
tissue types could explain, at least in part, resistance of 
various tutors to therapy with standard che^otherapeutic 

5 IT* a< Indeed ' CellS d — st -te cross resistance 

to a diverse group of lipophilic drugs with unrelated 
structures and functions, a phenomenon known as multidrug 
resistance (MDR) . . ~ y 

to • „ OI Pr ° Ven Mtit "»« chemotherapeutic value 

10 vinblastine, vincristine, etopssiae, teniposide, 

. <adriMyci "'- »aunorubicin, plicamycin 
(.ithrasvcin,, taxol ana actinomycin o. „any tumors are 
intrmsxcallynultiaru^-resistant (e.g., adenocarcinomas of 

^o^K , , therapy (e.g., neuroblastomas and 

childhood leukemias) . 

Several strategies have been aevisea to 
™v.„t clinical Mop. 0ne promising * 

-0 active efT* C * e ™ i "* i "9 ^ -» i"""* 

act lv . efflux of arugs in resistant cells. Numerous 

Cal ° iU » agonists, calmodulin 

aMl^es to ^ anal09UM hSV « Sh °™ 

IlooohlH t ° A Imt - «°« of these agents are 

= (i I Mnd t"^ 3 ? " * " 9and £ ° r tha ^^=oprotein 
inhibit t glycoprotein,, thereby competitively 

retell 1 9 e " 1UX e " eCt - EXCB " Mt "Views have 

recently been published on agents that alter multidrug 
resistance in cancer, see, for example, James „. Ford a „ 9 

0 pes sT T ' of Drugs that alter Multidrug 

^sistance in cancer. Pharmacological Reviews, Vol. ^55! 

Chemolh ''' ! aVid J " SteWa " Md Bvans Hon- 

Ef'cacvT A9SntS ^ "ctentiate chemotherapy 

Efficacy, cancer Treatment Peviews. Vol. n.^o (1989) 



WO 95/17192 

PCT/US94/14624 



The major factor thus far limiting the use of 
certain MDR reversing agents in cancer patients is the 
toxicity of such reversing agents, which prevents them from 
reaching effective concentrations during treatment. 
Another factor limiting the use of MDR reversing agents is 
the occurrence of undesired side effects caused by the 
agent employed. Thus, a substantial challenge remains in 
the search for ideal MDR reversing agents, i.e., agents 
l hXCh * r ± Pharmacologically acceptable for clinical 
applications, and which are more potent, but less toxic" 



(and/or promote fewer side reactions) than reversing agents 
employed in the prior art. 

BRIEF DRSORTPTTOW OF TKB myr^n^, 

15 h • /" aCC ° rdance with Present invention, we have 

15 discovered that certain stprn^ nw ~ 

. rain steroid-like compounds are capable 

of inhibiting the efflux pump which is believed to be 
responsible for multidrug resistance. Thus, chemotherapy 
can be enhanced by facilitating the delivery of drug to the 
target site, with reduced or eliminated competition by the 
20 drug efflux system. Compounds employed in the practice of 
the present invention inhibit the drug efflux pump, but do 
not have substantial affinity for steroid receptors. Thus, 
invention compounds do not exhibit the hormonal side 

25 ^ CtS ° bserved with •«* Prior art reversing agents as 
25 verapamil or progesterone. 

BRIEF PESCRTPTTOM n P THK FTCttpipo 

r es ± fi * Fi r rS 1 ±11UStrates the reversal of puromycin 
resistance in S7CD-5 cells by RU486 and verapamil 
Incubation of S7CD-5 cells ™4*k ^ "parnxj.. 

3 0 «.„,_• lth no dru * addition is 

30 designated by O; incubation with 5 M m RU486 is designated by 
Aand incubation with 5„M verapamil is designated by * 
incubation of parental cell line W7TB (from which S7CD-5 is 
derived) is designated .. 
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Figure 2 illustrates the reversal of daunomycin 
resistance in S7CD-5 cells by RU486 and verapamil. The 
legend for the curves presented in this figure is the same 
as the legend employed in Figure 1. 

5 ^ FigUre 3 illustrates the e«ect of verapamil and 

various concentrations of RU486 on the efflux of rhodamine 
123 from S7CD-5 cells. The control is identified by o, 
verapamil (5„ M) is identifi ed by A , r U486 (10mM) is 

tlum !" *%X'~ RV486 ~ (5mriS identified - and RU486 
10 (1/xM) is identified as i. 

nro^ * Fl9Ure 4 111UStrates the effect of dexamethasone , 
progesterone and RU486 on the efflux of rhodamine l 23 from 

dlT «. ^ C ° ntr01 iS stifled by o, 

15 identified by □ , and RU486 is identified as t. 

on th. Fi T e 5 illUStratSS the ef f ect of various agents 
on the sensitivity of a human leukemic cell line to 
expo BUre to vinblastine, incubation of ~ 5 xlo< cells/ml of 

20 vin^T^ leUk r iC 0611 line SeleCt6d f ° r distance to 
vinblastxne with no other drug addition is designated by □; 

incubation with 5 M M verapamil is designated by /- 

incubation with 5 M M RU486 is designated by «• and 

incubation with 5„ M progesterone is designated by a.' 

detailed BEscBimaa of thp mmmm 

25 i. » •„ I" aCC ° rdanCe With the present invention, there 
is provided a method for reducing multidrug resistance in 
a sublet undergoing chemotherapy, said method comprising- 
with * dn * nisterln 9 to said subject, in conjunction 

30 I chemotherapeutic agent, an effective amount of a 

3 0 compound having the structure: 
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wherein: 

15 K 1 - R 2 - o; or R 1 

R 2 



R 3 



■ hydrogen and 
is OR, wherein R is selected from 

lower alkyl or trimethylsilyi; and 
is absent when there is a double bond between 

bridging c 9 and c 10 , or R 3 -i «= v,, ^. 

methyl; and hydrogen or 

is -OR', wherein R ' is lower alkyl or 
trimethylsilyi, or R < is an organic J[ 

^! Ving " the of 4 up to 18 carbon 

frl7 r talnlng at le * s * °- atom selected 
from the group consistlng of 

nitrog en , phosphorus and silicon, wherein 
the atom immediately adjacent c» is carbon, 

r ° r9anic radical lncludes * oydic 

-xety selected fro, an alicyclic ring, a 
hete rocycllc ring/ a carbocycl . c ar J atic 

ring or a heterocyclic aromatic ring, 
wherein said cyclic moiety contains an 

^f^"' nit "*en-, Phosphorus- or silicon- 
bearing substituent, 

hydrogen or or, wherein R is as defined 
above, or R is a 3 , 4 or 5 atom bridging 
species which forms part of a 3-, 5 -, J 0 l 
7-membered ring including c" and c» as part 
of the ring; and 



R 5 is 
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6 

R 6 is selected from: 
-C(0)-ch 3 , 

-CH(OH)-CH 3 , 
-C(0)-CH 2 OH, or 
~(R 7 ) 0 ,i-R 8 , wherein 

R , when present, is a saturated or 
unsaturated (straight or. branched 
chain) hydrocarbyl radical having 
in the range of 1 up to 8 carbon 
atoms , and 



_ 8 

is selected from hydrogen, halogen, 
trimethylsilyl, phenyl or 
substituted phenyl, and 
15 R is absent when there is a double bond between 

C and c ' or / when present, R 9 is selected 
from hydrogen or halogen. 

Optionally, compounds employed in the practice of 
the present invention can have double bond(s) in the 
steroid "A" ring between C 1 and C 2 and/or between c< and c 5 , 

20 and/or a double bond in the steroid - B - ring between C 9 and 
C . Those of skill in the art recognize that substituent 
"R « will not be present when there is a double bond in the 
»B« ring. As an alternative to a carbon-carbon double bond 
between C and C °, an epoxide can also bridge these two 

25 carbons. Compounds containing an epoxide bridging carbons 
c and c can optionally also have a double bond in the 
steroid "A" ring between C* and C 5 . 

In a presently preferred aspect of the present 
invention, R is defined by the following general formula: 

-(CH2)x-(C 4 H 3#4 )-[X 0j1 -(CH 2 ) y -X«] Jl , 

wherein: 

x is 0-3 (preferably 0) , 
y is 0-2, 

z is l when the aromatic ring is C 6 H A , or 



30 
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2 when the aromatic ring is c 6 H 3 , 
X is 0 or S, 



o 



10 



15 



X- is hydrogen, OR, nr« 2 , n*R» 3 , n*r» 2 , or 
N0 2 , wherein R is as defined above and 
R" is hydrogen or a lower alkyl group. 

When z of the above general formula is 1, the 
substituent L onjtn^phe„yl ring is preferably located at the 
para position of the ring. is^^ialiy-^er^d^a^ 
substituents include: 

-0-CH 2 CH 2 -NR« 2 , -0-CH 2 CH 2 -N*R« 3 , 
O" 

-0-CH 2 CH 2 -N + R» 2 , and the like. 

When z of the .above general formula is 2, the 
substituents on the phenyl ring are preferably located at 
the meta and para positions of the ring, wherein the 
preferred para substituents are selected from OR, NR», 
20 o 

N + R« 3 , N + R» 2/ or N0 2 . 

When R 5 is a 3, 4 or 5 atom bridging species which 
25 fnni^ ° f " 3 ~' 5 '' 6 " ° r ring including c" 

HI ^ J S ° f ^ ^ * iS WHY selected from 

straight or branched chain alkylene, or 0-, C(O)- N - 
and/or S-containing alkylene moieties, such as/ for 
- <C ^3.5-, -C(CH,, 2 - (i.e., isopropylidene) , 
-°"(CH 2 ) 2 . 4 -, -0-(CH 2)l .3-o-, -(CH 2)1 t -0-<CHO, 

-0-CH 2 -c ( o>-CH 2 -o- (i.e., acetonide), and the like. * ^ ' 

In a presently preferred aspect of the present 
invention, R is selected from: 



30 



35 



-C(0)-CH 3 , 
-CH(OH)-CH 3 , or 
-C(0)-CH 2 0H, or 
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R 6 is defined by the following general formulae : 
-(CH 2 ) 01 -c=c-R 8 f or 
~ < CH 2 ) o. i -Cec-R 8 , wherein 

R 8 is selected from hydrogen, ohloro, 
trimethylsilyi or phenyl. 

Presently preferred structures for R* include: 
-CH 2 -CH=CH 2 , 
-CH 2 -CeCH, 



10 



30 



-C=C-H, 
-CbC-CHj, 
-CeC-Cl, 
-csc-c 6 H s , or 
-C=C-SiMe 3 . 



15 strain *l ±S PrSferably a ^raight chain alkylene, or 
^ ) -CR. cr" ^„T ylene ^ haVi " 9 the St ™* 
x is independently seLoted f rt" „- 6 2 '""' ~* 

invention *" R « "7"** asp.« o£ the present 

are those IZT" ° £ ^~°» 

R 3 = r2 = ° <*■••» a carbonyl at c 3 ) 
R is methyl, 

25 R* is 



wherein: 



-(CH 2 ) x -(c 6 H 34 )- t x 0<1 -(CH 2 ) y -x'] l? 

x is 0-3 (with x - o presently preferred, 
y is 0-2, ' 

z is 1 when the aromatic ring is c 6 H A , or 

2 when the aromatic ring is c 6 H 3 , 
X is 0 or S, 3 
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O 

*' is hydrogen, OR, NR « 2 , n -r V J^. Qr 
s N0 2 , wherein R and R- are as defined 

above, 

5 9 * 

R is hydrogen, 

R is selected from 

-C(0)-CH 3 , 

-CH(OH)-CH 3 , 

_ -C(Q)-CH ,OH, qt* 

y 

R is selected from 

-(ch 2 ) x -cr»-cr..-(ch 2 ) k -r 8 or 

-(CH 2 ) x )-CfeC-(CH 2 ) x -R 8 , 
15 fc wherein each R« is as defined 

above, and each R» is selected 
independently of each other, and x is 
^ independently o-6, and 
■ is selected f roi » hydrogen, chloro, 

*' is hydrog r en methylSllyl " 

- is prefer:; rt p th e : os^t 1 : — substituted - 

position of the rina UBS " tuent be located at the para 

—tit**. ~ r Pr j^r^rJL 9roup ° f * is ai - 



30 



35 



-C 6 H 4 -p-0-CH 2 CH 2 -NR" 2 , 
-C 6 H 4 -p-0-CH 2 CH 2 -N*R« 3 > 

o" 

-C 6 H 4 -p- 0 -CH 2 CH 2 -N*R.. 2/ or 
6 -C 6 H 3 -ro-OCH 3 , p-OCH 3 , 

and R is selected from: 
-C(0)-ch 3 , 
-CH(0H)-CH 3 , 
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-C(0)-CH 2 OH, 

-CH 2 -CH=CH 2 , 

-CH 2 -CSCH, 

-CeC-H, 

-CeC-CHj, 

-Csc-Cl, 

-CsC-CgH;, or 

-Csc-siMe,. 



10 th. ™- !" ,E ' OUnas = ont '»Plated for use i„ the practice o£ 
10 the present invention can b. readily prepared using 
techniques which are veil known i„ the art. see, for 

565 (1080, a„a united states Patent Mo. 4,066.085. the 
entire contents of which are hereby incorporated by 
15 reference herein. "tea oy 

caoabl. o/ he w ^T""" 15 ° £ th * invention are 

tZr ceH , Se " Sitlvit >' <* -ultidrug resistant 

tumor ceils to antitumor chemotherapeutic agents. i„ 
addition, the compounds of the present invention are us.fui 

cellTT e " er ' en0e °* » Ul " a "" "Sistant tulor 

cells during a course of treatment with antitumor 
chemotherapeutic agents. The compounds of the present 
invention are further useful in reducing th. effective 

25 of 3ttd c * e ~ th "" pwtic a9mt 

^5 of multidrug resistant tumors. 

Clinical multidrug resistance can develop in 
response to a number of important chemotherapeutic agents, 
including vinblastine (o.! ffig per kilogram ^ 

(0.015 mg per kilogram per day), daunorubicin (60 to 75 mg 
per square meter per week, , doxorubicin (500 to 600 mg per 
square meter, etoposide (35 to 50 mg per square meter per 
day,, and mxthramycin (0.025 mg per kilogram per day) 
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Multidrug resistant cell n«*. 

Br. J. cancer, vol. 54:253 m<,«r\ *w 
selects for ( } * The Twentyman procedure 

Drug sensitive cells will «»^^v. 
, K)1 •., _ . perish because the 

into tL T a " 1UX PMP t0 P ™ ™lation or 
into the cell is redurp^ k v «-w y 

« «>e invention. In Ctr«t ^iT""""- °* ° f 
— ' - — Cite' ^ "Te'e ^e 11 ^ 11 
a E nTrn ll b y e' " T^" """^ ^t.oTe. S£ 

ceil lines are suitable as parental cell * 

^itidmg resistant cells > an r^ e r%r s m e^ 

T Ved ^ *— ~ — r „s an d can 
be delved from normal tissue or tumor tissue 
Commercially available human cell i inoe , tissue. 
25 tumor tissue include KB "tcc C CL " Z *™~ 

119), CCRF-CCM (ATCC CCL m „ ' ' ""^ (ATCC HTB 

^ lAicc CCL 119) , and K -562 (ATCC car ->a->\ 

Other suitable, commercially available, n } ' 

include LM(TK-) (ATCC CCL l a 7 „ m ^l"n cell lines 
< ; (ATCC CCL 1.3), and CHO-Kl (ATCC CCL 61) . 

, :: o_^ t r:::r^— - - ^ 
o 0 :^ b ™ in : rrr ^oTo/r* 

C.US wixa „e inniMtea by J 8 ^JTpeti c"^^ 
while tne grwth of resist , nt ^ ^ ^ 
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Cell growth can be measured by cell counting using an 
electronic cell counter, for example, a Coulter Counter, 
coulter Electronics, Herts, England, and following the 
manufacturers recommended instructions for use. Cells may 
5 also be counted microscopically using a hemocytometer . The 
presently preferred technique is to combine the use of the 
hemocytometer with a stain (e.g., tryptan blue) that allows 
one to distinguish between living cells and dead cells. 



Cel1 9^owth— can- also- be ^measured^ "by - btheF 
10 techniques including cell staining. Cells can be stained 
by various agents including crystal violet, coomassie blue 
and methylene blue, with methylene blue being the presently 
preferred stain. Determining cell growth by methylene blue 
staining can be done as described in Example 1, below. 

15 Cel1 9 row th measured by either the cell counting 

method or the cell staining method should closely 
correlate. The staining method is preferable because of 
its simplicity and it is easily adaptable to automation 
which allows many experiments, to be performed with many 

20 test compounds non-labor intensively. 

Radiolabeled compounds may also be utilized to 
determine the accumulation of antitumor chemotherapeutic 
agents in drug sensitive cells and in multidrug resistant 
cells. For example, the accumulation of [ 3 H] vinblastine by 

25 drug sensitive cell lines and drug resistant cell lines in 
the presence or absence of a compound of the invention may 
be determined. The relative accumulation of the 
radiolabeled chemotherapeutic agent is indicative of the 
abxlity of a compound of the invention to reduce multidrug 

30 resistance. 

The modulation of multidrug resistance 
demonstrated by the compounds described herein provides a 
method for treatment of multidrug resistant tumors. The 
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multidrug resistant modulating properties of the compounds 
described herein also provide a method for preventing the 
emergence of multidrug resistant tumors during the course 
of cancer treatment. These same compounds additionally 
5 provide a method for reducing the required dosage of an 
antitumor chemotherapeutic agent. 

All of the methods of this invention involve (l) 
_ the administration of a compound of the present invention, 
prior to or concurrent to the administration _ of "an" 
10 chemotherapeutic agent: or ( 2 ) the administration of a 
combination of one or more of the compounds of the present 
invention, and an antitumor chemotherapeutic agent. 

Reference to administering compounds contemplated 
for use in the practice of the present invention "in 

15 conjunction with" a chemotherapeutic agent or "concurrently 
administering,.. compounds according to the present 
invention, as used herein, means that the antineoplastic 
agent and the agent employed for the reduction of multidrug 
resistance are administered either (a) simultaneously in 

20 time (optionally by formulating the two together in a 
common carrier), or (b, at different times during the 
course of a common treatment schedule, m the latter case, 
the two agents are administered at times sufficiently close 
for the agent employed for reducing multidrug resistance to 
enhance the selective growth-inhibiting action of the 
antineoplastic agent on the tumor cells. 

„ „ „ F ° r ^ treatment of multidrug resistant tumor 
cells the compounds of the present invention, either 

30 "v a T ly 7- ^ COmbinatl0n With a chemotherapeutic agent, 
~ admin r tered ° rally ' orally (including 

subcutaneous injections, intravenous, intramuscular, 
intrasternal injection or infusion techniques) or rectally 
in dosage unit formulations containing conventional nonl 
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toxic, pharmaceutically-acceptable carriers, adjuvants and 
vehicles. 



0 



In particular, the compounds of the present 
invention may be administered either separately or in 
combination with an appropriate chemotherapeutic agent such 
as vinblastine, vincristine, dactinomycin, daunorubicin, 
doxorubicin, etoposide or mithramycin. 



The precise mode of administration employed for" 
each subject is left to the discretion of the practitioner. 
Because the compounds of the present invention exhibit 
appreciable oral activity, compounds of this invention can 
readily be administered orally. Alternatively, parenteral 
administration may be preferable in certain circumstances. 

The compounds of the present invention are most 
easily administered in the form of a pharmaceutical ly 
acceptable non-toxic acid addition salt formed from an 
invention compound and an organic or inorganic acid 
recognised in the art as providing .a pharmaceutical^ 
acceptable non-toxic acid addition salt. Examples of such 
acid addition salts include acetate, aspartate, benzoate, 
benzenesulfonate, bisulfate, butyrate, citrate, dihydrogen 
Phosphate, dodecylsulfate, ethanesulfonate, fumarate, 
hydrochloride, hydrobr omide , hydroiodide, lactate, maleate 
methanesulfonate, 2-naphthalenesulf onate, nicotinat e ; 
oxalate, propionate, succinate, sulfate, tartrate, 
thiocyanate, tosylate, maleate, fumarate, or the like a 
preferred embodiment of th e invention is that in which a 
compound is present as the hydrochloride salt. 

The compounds contemplated for the use in the 
practice of the present invention possess activity in 
increasing the sensitivity of multidrug resistant mammalian 
cells to chemotherapeutic agents in culture and are useful 
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s^: t r atnent of muitwrug resistant * —a« 

r^v^^«^4- . more of the compounds of the 

• r==v ™^ = 

tsbiets^ ^'pJST ™ Y *°° ePtatle *°r 

3e. isoli a^r 1 ^ i ": nu £ f r rin9 I r e r: lons ' in soiia - 

st»bi lizing , thickening a ™; olor I . n no a<idlt "" —"iary, 
~y be used The CC1 ° rlng a ' ents »■>•» Perfumes 

i-iuded in tbe ^^"Zl^lT^ " 
sufficient to proauce ^ dMlred ^ u "„ " a "° Unt 
or condition of diseases. P process 

intended for oral us* w Compositions 

-tbod kno ™ or : use . Lt fTT accordin9 to any 

art for the manufacture of 
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consists ot a ^^n^/:^ <™» the gro u P 
or saccharin, flsvorinc ac.nl. ? »»=rose. Isctose, 

5 winter g reen cr cher^ !!"!°, " ^"^"t, H of 

— «*- in oraer to p^e "."I "°T - in g 
palatable preparations "J^tT ~-Uy ale gan t ana 
infant i n adaixture J^ 1 "* ~»tainin g toe active 
acceptable excipients say a T so JT ph »— "cally 

0 eothoas. Th e- -excipien ta" ^ £ ™cturea by -xnoVH - 
inert ailuents such as ' *° r e * a »Ple. (1) 

Phosphate or j£ l^Z^T 

aisinte g ratin g a g ents S ucnaa cc "' st . 9 " nUl " in 9 ana 
«*inlc acia; (3) binatng " ~™ '"ate starch cr 

corn starch, gelatin or JL . 9Im tra 9acanth, 

-h as ^siJ^Ure ^'tetic' 4 ! — 
tablets „ay be uncoatea or t"y ' v J" ° r ^ *• 
techniques to aelay aisint«J7f * C °" ed by """"h 
gastrointestinal tL« "a " " abSOrptlon in <*e 

action over a l^pJZl"'^.,^ » — 
»ateri.l such as g iyceryl ,~ V"""* 1 '' a '»» «=lay 
alstearate „ay be anployea Ih e" ° r '^'^ 

techniques aescribea' ^'th ^ " ? * the 

tablets for controlled release. ° Sm0ti0 the "P*"tic 

in the f „r o s na:a as ;;'ia f t°irc ati r My 

inqreaient is six.a Kl 4 " T " he " ln the active 

exasple, calcic* carbon,^ calci S °" d ailUent < fOT 
"»ey M y also ba ~" e ' ! SlCl ™ Phosphate or kaolin. 

wherein the active increai.nf < . S °" 9,1 " tln capsules 

— for example Te anut oU T*,?" * ^ °" 

oil. P a " Ut oil ' "Wia paraffin, or olive 
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(1) suspending agents such as Bod 

c.rboxy.ethyloellulos., metnylceHuXose, 
hydroxypropyl^ethylceiluose, sodium 



tragacant h and quia acacia;. 



(2) dispersing or wetting agents which may be 

(a) a naturally-occurring phosphatide such 
as lecithin, 

(b) a condensation product of an alkylene 
oxide with a fatty aci d, for example, 
polyoxyethylene stearate 

(c) a condensation product of an ethylene 
ox.de with a long chain aliphatic 
alcohol, for example 
heptadecaethyleneoxycetanol 

(«) a condensation product of ethylene 
oxade with a partial ester derived from 
a fatty acid and a hexitol such as 
Polyoxyethylene sorbital monooleate or 

Lr nd r Sati ° n Pr ° dUCt ° f ethyl'e„ e 
ox,de with a partial ester derived from 
a fatty acid and a hexitol anhydride, 
for example, polyoxyethylene sorbitan 
monooleate. 

nydro^enzoete, one or ^oZ^ lLZ "'^ *" 
flavoring agents- and ft r> Q OAO «ng agents; one or more 

*y agents, and one or more sweeten^™ ~ 
sucrose or saccharine. sweetening agents such as 
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Oily suspension may be formulated by suspending 
the active ingredient in a vegetable oil, for example, 
arachis oil, olive oil, sesame oil or coconut oil, or in a 
mineral oil such as liquid paraffin. The oily suspensions 
5 may contain a thickening agent, for example, beeswax, hard 
paraffin or cetyl alcohol. Sweetening agents and flavoring 
agents may be added to provide a palatable oral 
preparation. These compositions may be prepared by the 
addition of an antioxidant such as ascorbic acid. 

10 Dispersible powders and granules are suitable for 

the preparation of an aqueous suspension. They provide the 
active ingredient in admixture with a dispersing or setting 
agent, a suspending agent and one or more preservatives. 
Suitable dispersing or wetting agents and suspending agents 

15 are exemplified by those already mentioned above. 
Additional excipients, for example, those sweetening, 
flavoring and coloring agents described above may also be 
present. 
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The pharmaceutical compositions of the invention 
may also be in the form of oil-in-water emulsions. The 
oily phase may be a vegetable oil such as olive oil or 
arachis oils, or a mineral oil such as liquid paraffin or 
a mixture thereof. Suitable emulsifying agents may be (1) 
naturally occurring gums such as gum acacia and gum 
tragacanth, (2) naturally occurring phosphatides such as 
soy bean and lecithin, (3) esters or partial esters derived 
from fatty acids and hexitol anhydrides, for example, 
sorbitan monooleate, (4) condensation products of said 
partial esters with ethylene oxide, for example, 
30 polyoxyethylene sorbitan monooleate. The emulsions may 
also contain sweetening and flavoring agents. 

syrups and elixirs may be formulated with 
sweetening agents, for example, glycerol, propylene glycol, 
sorbitol or sucrose. Such formulations may also contain a 
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demulcent, a preservative such as methyl and prcp yl 
parens, flavoring such as cherry or cran g e flavor and 
coloring agents. 

The pharmaceutical compositions may be in the 
a form of a sterile injectable agueous or oleaginous 

ZZ"^Z' d ThlS i SUSPe " Si0n "° —din," 
known methods using those suitable dispersing or wetting 

agCTtS " hl °" «-» bee n_mentione! 

10 It * ' injeoti " >le Preparation may also be a 

parent 'T^' " a non-toxic 

a "wL y " a0 ° ePtable dUUent ° r S ° 1Vent ' f " « 
vehlir „ 1-3-butanediol. toong the aocep ,4 le 

Ringed .Tl ^ " 

15 ^ L?. ^ is ° t ° r »-° chloride solution 

emolo'v d ' Statile ' ClX °* ^ conventionally 

employed as , solvent or suspending medium. For this 
purpose any bland fixed oil «... v. 

evnt-hon y "* «"Ployed including 

ZTe Itlr": ° r „ di,lyC ' ridM ' fatty (including 

« oil coco 'jt olT ^ ° COUrrln9 Ve9,table »•«-• 
oil, coconut oil, peanut oil, cottonseed oil , etc or 

synthetic fatty vehicles lifce ethyl cleat, or the Vi^ 
Buffers, preservative, antioxidants and the li*. can be 
incorporated as required. 

,s ..„ compounds contemplated for use in the practice of 

2= the present invention may also be administered in Z for. 
cf suppositories for rectal administration of thTdrT 
These compositions may be prepared by mixing the drtg wT'h 
121 : n ° n - irrlta "^ —ipient, such as cocoHutter 
ITL\Z °< Poiy.thyl.ne glycols, which 



:issor ld i a : h ordinary 

dissolve in the rectal cavity to release the drugf 



Formulations suitable *>~~ 

ca * Jie f « parenteral 

a sterile aqueous 



administration conveniently comprise 
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preparation of the active compound, which is preferably 
xsotonic with the blood of the recipient. 

Nasal spray formulations comprise purified 
aqueous solutions of the active compound with preservative 
5 agents and isotonic agents. such formulations are 
preferably adjusted to a p H and isotonic state compatible 
with the nasal mucous membranes. 

F °«»ulation S for rectal administration may be 
presented as a suppository with a suitable carrier such as 
cocoa butter, or hydrogenated fats or hydrogenated fatty 
carboxylic acids. y 

. . « OPhthalmic formulations are prepared by a similar 
method to the nasal spray, except that the pH and isotonic 
factors are preferably adjusted to match that of the eye. 

41. ! T °P ica l formulations co.npri Se the active compound 
dissolved or suspended in one or more media such as mineral 
oil petroleum, polyhydroxy alcohols or other bases used 
for topical pharmaceutical formulations. The addition of 
other accessory ingredients, vide infra, may be desirable. 

varlaf . SinCe individ «*l Objects may present a wide 
variation i n severity of symptoms and each drug has its 
unique therapeutic characteristics, it is up to the 
practxtxoner to determine a subject response to treatment 
and vary the dosages accordingly. 

Typical daily oral dose, in general, for the 
reduction of multidrug resistance lies within the range of 
from about 0.5 M g to about 10 mg per kg body weight and, 
preferably within the range of from 50 M g to l mg per *g 
body weight and can be administered up to four times daily. 

ITJl iyV*** ^ ° f * Ultid -S distance 

lies wxthin the range of from about i M g to about 10 mg per 
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kg body weight and, preferably, within the range of from 
10/ig to 500 ng per kg body weight. 

th. T treatment ° f multidrug resistant tumors, 

5 sensiti ° f ^ ±nVenti0n be utilized to 

5 sensitize multidrug resistant tumor cells to 

::i: e r tic agents ana ^ *° ~ e«e Cti :: 

dosage of a chemotherapeutic agent durln« 
treatment. For these ^ a ^nt during the course of 
r tftese Purposes, the compounds of this 

• _ invention may be utilized B ftK~-„ - tnis 

D Mentc „k • k uriil2ea wi *« one or more chemotherapeutic 
u agents whxch are useful in tr Pa n n « „ 

in tre ating cancer selected from 
the group consisting of- vinHi a ^- , 
~ , » or. vinblastine, vincristine 

> administered in combination u <th * . 

prior to «r- With ' in injunction with, 

£»L, !• C ° nCUrrent to the administration of 

chemotherapeutic agents. 

For example, the compounds of 
invention can be given in comhin J • Present 

a <*. ^- combination. with such compounds 

as. vinblastine, vincristine, dactinomycin, daunorubicin 

The weight ratio of a compound, of the »r eamt 
~ t0 «^~. agent or co„po„„T J™ 

generally, an effective dose of each inoredient /i 
cheeotherapeutic agent an. Hoboing U^I 

in^tioTi e r p1 *' when a °— — ° £ * 

invention ls oombmed with vinblastine, vincristine 

- STrTt o~ iciB - *™ ioin « 

vin^laJ • «>-Pound of the present invention to 

::™:-or v ^:; b —- - 

y in ' ranges from about 1000: l to 
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about 1:1000, preferably about 100-1 * 

SET lons of a COBPOund of <- ~ 

invention * *»» ~ 

sarc omas. U w„ H „ ™' lwtM M - leukemlas, ana 

~r^^T^*-^~ ™ ===== 
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tumors, such as malic™***. 7 W,BOrS are c «taneous 

, ucn as malignant melanomas and mycosis 
hematologic tumors such as leukemia S * fu "?oides; 
lymphoblastic, acute myelocy^^ or h" T^ 16 ' ^ 
leukemia; lymphomas, such as HodtLn • „ ^^ic 
lymphoma; gynecologic tumors s!^ as T " Malig " ant 
tumors; urologic ^^IT^ ^ 
bladder or testis; soft tissue sarco" Pr ° State ' 
osseus sarcomas, breast tuJT osseus or non- 

thyroid and adren^^ ^ 

- those of the esopHagus/ JESTER"::' ^ 
pancreatic and hepatic ti,™,.. , lnt<!s tina and colon; 

and lung tunore. Z cours^se"^" »"*«——■ 
-» or become multidru^.!^ ""^ tyPi °" lly 

treated with the method mTsSTL^ ti 

and depends .„ Motors soch as Z ^ZZ Z 

tissue type and its size and ^ 

chemotherapeutic aoent selected "1 ^ "»*"<«•* 

effective amount and can be reaciiv cat T* *" "* 
skilled in the art. "adiiy determined by those 

tumor ceils TZTZZZTZ " ""^ *- ~**«* 

invention is .ultipinrTraTist^'clT !' »~ 

the muitidru, transporter - meo a t *«**«*«- •» 

mediated pumping of 
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antineoplastic agents out of the tumor- „ 
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trans P o r terrhi a ah f? ^ ******* 

porter at high levels (intrinsically resists ? 

are adenocarcinoma cells, pancr ea i-^ - res "tant cells) 
tumor cells chronic iS ' PanCreatic ^ cells, carcinoid 

an antineoplastic a Pr ° teln " pon exposure to 

PheochrcocyLna cell. aLt . "°»°"««<>»a cells, 
cells, adult acuj „ * lymphocytic leuKesia 

an, oL i ,r::„::r: e a 11 i s y ^ ho " a ° eiia ' — — 

adenocarcinomas of adrenal ki dna v ' ln ° ll * ai "S 

ana colon tissue. J^' SM " destine 

particularly preferred * calls 

P«ssnt i^entir TTT^ ~ <~ *° «- 

resistance in ceTls B « " *** lnaUCe -*«««■. 
agents are vi„ 0 ' ^TT T '"^ -"neoplastic 
anthracycline abiotic, "a 

purcycin, gramicidin "tLl colcnTT PliC ^= in - 
emetine, maytansin» colchicine, cytochalasin B, 

, maytansine, and amsacrine (or -mmsa-) . Preferred 
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are vinca alkaloids, epipodophyllotoxins, anthracycline 
antibiotics, actinomycin D, and plicaraycin. 

The vinca alkaloid class is described in Goodman 
and Oilman's Tho Pharmacol onrical h a «n c of Thpr^nf^c , 
5 1277-1280 (7th ed. 1985) (hereafter "Goodman and Oilman") . 
Exemplary of vinca alkaloids are vincristine, vinblastine, 
and vindesine. 
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The -epipodophyllotoxin "class - "^ "described" in" 

Goodman and Gilman, sjjEca at 1280-1281. Exemplary of 
epipodophyllotoxins are etoposide, etoposide orthoquinone, 
and teniposide. 



The anthracycline antibiotic class is described 
in Goodman and Gilman, supra at 1283-1285. Exemplary of 
anthracycline antibiotics are daunorubicin , doxorubicin, 
15 mitoxantraone, and bisanthrene. Daunorubicin and 

doxorubicin are preferred. 

Actinomycin D, also called Dactinoroycin , is 
described in Goodman and Gilman, si»B£& at 1281-1283. 
PUcamycin, also called mithramycin, is described in 
20 Goodman and Gilman, supra at 1287-1288. 

In accordance with another embodiment of the 
present invention, there is provided a method of enhancing 
the intracellular accumulation of a molecule within a cell. 
Presently preferred molecules for transport by this method 
are those molecules which do not naturally occur in such 
cell, but which are capable of entering such cell (such as, 
for example, chemotherapeutic agents as described herein) . 
This method comprises 

a) contacting the cell with a sufficient • 
concentration of the above-described MDR-reducing 
compounds, to inhibit extracellular transport of 
the molecule from the cell; and 
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b) contacting the resulting ceil with Ba id 
molecule so as to e£(act lntraeelXular 
accumulation of said molecule within the cell. 



In accordance with the practice or this 
inventor, molecules for which one might see* to enhance 
intracellular accumulation include ta X ol, cytochalesin B, 



gramicidm D. ethidium bromide, emetine, mitomycin 
etoposxde tenoposide, vincristine, vinblastine, colJicin 

10 mltoT , ' daUn0rUbiC1 "- "Wroxy anthracin dione 
10 mxtoxantrone, mithramycin, ectinomycin D 
1-d.hydrotestosterone, glucocorticoid. procaine 
tetracaine, lidocaine, propraolol, puromycin, end the lime.' 

intracellular .^L£lT B1 Tl£? . "^"^ 
15 «- -^cellular level Vt^-Sl T'JT^Z 
preventing the transport of the molecule from The cell oy 
the P-glycoprotein efflux pump. 

Preferred cell types for treat» 0 „f • 
u j fh f . . ^ , . jr**es» xor treatment m accordance 

With this embodiment of the present i • 

20 r.«n« . , Present invention include tumor 

2 0 cells, especially neural tumor cells. 

* . ^ aCC ° rdanCe with mother embodiment of the 

L the centra;"" *** M00d - te * i » and accumulatl 

in the central nervous system, which molecule is not 
25 normally capable of crossing such b*^- t 

in ^ in ' sucn barrier and accumulating 

in the central nervous system. This method comprises 

a) contacting the blood brain barrier with 
a sufficient concentration of the above-described 
MDR-reducing compounds to enable said molecule to 

30 cross the barrier; and 

b) contacting the resulting barrier with 
said molecule so as to enable said molecule to 
cross the barrier. 
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The disruption of genes encoding the transport proteins 
which impart MDR has recently been found to facilitate the 
transport of molecules across the blood-brain barrier (see 
for example, Schinkel et al. , in Cell 22:491-502 (1994)' 
Thus, the use of MDR-reducing compounds, which have been 
shown herein to block the effects of the transport proteins 
which cause MDR, are indicated to facilitate the transport 
of molecules across the blood-brain barrier. 

In accordance with yet another aspect of" the 
present invention the use of the above-described compounds 
or pharmaceutical^ acceptable salts thereof, for a 
variety of applications is provided, such as, for example, 
in the manufacture of a medicament for enhancing the 
therapeutic effect of an antineoplastic agent, for the 
manufacture of a medicament for inhibiting multiple drug 
resistance in tumors, for the manufacture of a medicament 
for increasing the sensitivity of a resistant tumor to an 
antineoplastic agent and/or for the manufacture .of a 
medicament for selectively inhibiting the growth of tumor 
cells. 

The invention will now be described in greater 
detail by reference to the following non-limiting examples. 

Example j 

cell Staining Method to n e f 0 y m i ne f a11 GrQ1Jth 

Equal numbers of cells of an anchorage dependent 
mammalian cell line are seeded in growth medium (e.g., 
alpha MEM plus 10% FBS) into a suitable culture vessel 
e.g., plastic 96 well tissue culture plates. a cytotoxic 
drug (e.g. doxorubicin) is added to the cells in the dishes 
at various concentrations, typically ranging between 0 and 
100 MM. 
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Following about 72 hours of continuous exposure 
to the cytotoxic agent, the growth medium is decanted and 
the cells are washed with a suitable buffer, e.g., 
phosphate buffered saline (PBS) . About 2 ml of a solution 
5 of 2% methylene blue (methylene blue is dissolved in a 
solution of about 50% ethanol in water) is added to the 
cells on the dishes. The dye is allowed to contact the 
cells for about 2 minutes. Excess dye is washed away with 
cold water and the plates are air dried. The dye stained 
1P_ ^ e Al s _are^hen_solubilized-by-adding an-equal" volume- of ~X 
solution of a detergent, e.g., i% N-lauroyl-sarcosine, to 
all wells. 

The amount of dye remaining in the wells directly 
correlates with the number of cells in the well. The 

15 amount of methylene blue dye in the wells can be measured 
spectrophotometrically by measuring absorbance at 600 nm 
using an electronic ELISA plate spectrophotometer 
(Minireader II, Dynatech Laboratories, Alexandria, VA) . 
Typical results show decreased absorbance at 600 *nm with 

20 increasing cytotoxic drug concentration, indicating 
increased cell death with increased drug concentration. 

Example g 
Visual Assay of Minting 

Resistannp 



25 



Multidrug resistance has been detected in vitro 
in single cell suspensions and in cell monolayers. 
Yoshimura et al. , Cancer Letters Vol. 50:45 (1990) used the 
accumulation of rhodamine dye to screen for agents that 
overcome multidrug resistance in a cell line ("reversing 
agents"). The dye is accumulated in multidrug-resistant 
30 cells at a lower rate than it is accumulated in non- 
resistant cells. Thus multidrug-resistant cells can be 
distinguished from non-resistant cells by comparing 
intracellular dye levels. 
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„ , Dye ±n multidr «9-resistant cells are then 

monxtored In the presence and absence of verapamil, a known 
che^osensxtizer (reversing agent used in chemotherapy to 

res^t t\ UPtake ° f 3 Che - the -P-tic drug in drug- 
resxstant tumor cells) . it is typically found that the dye 
accumulates to normal levels when the multidrug resistance 
phenotype is reversed with verapamil. The dye is 

a^en er !L t0 ^ * The cells 

11L WaShSd ' SOlubili "*< and the dye detected 

wells wxth a fluorescence microplate reader. 

mo»i u EtfSrth et al " Arzneim-Forsch vol. 38:1171 
(1 88) have also developed an in vitro assay to detect the 
multidrug resistance phenotype. They Ascribe comparing 

^els o S f dv /"I 3 n±ne ^ in 3 ° el1 ~ ^ *hl 
levels of dye found in a control sample of normal cells. 

S^n."*^"" ^ f0rro±ng 3 Sin9le suspension, 
to th T SUSPenSi ° n ° nto administering the dye 

cii^rr s^r siide - and *■ — - 

Herweijer et al. r invest New Drugs Vol. 7-442 

e.l?J:Z°T th ,: US " ° f M - ltne fl °" t a« 

cells wrth the multrdru, resistance phmotype ,„ „ m 
cell suspension. The accumulation Kinetics of a 
fluorescent drug are measured on ll„ e , flrst J * 
eosence, and tHen in the presence of a re^srsi:; age„t 

37-114! M«ot" *' J> Histooh ™- cytochem. vol. 

12.1141 ,„., , aescrib. assaying efflux activity of the 
multidrug resistance transport system using fluorescence 
Microscopy to monitor the accumulation of drugs in sing" 
cultured cells that ware transformed with multidrug 
resistance DNA. They showed that the afflux pathway was 
inhibited Whan the cells were incubated with verapamU 



WO 95/17192 

PCTYUS94/14624 

29 

Example t 

Effects of RU4ft6 qnd Eugaaarsia ~ n t he v^Hii^y 
Of <?e%1p Displaying MD R Phpn^yp. 

Cortisol, dexamethasone, aldosterone and other 
5 sxmxlar steroids appear to be substrates for transport by 

and c y o C rT 0t r in * ^ SUCh *« P™*esterone 

and cortexolone are not transported. However, progesterone 

alv™ ^ • *° t0 ^ -d _ hsima n 

_ 10~ "Is ™ S ~* nd ^^^^^unction, even though it 
10 xs not transported [see, for example, Yang et al., Biol. 
Che„ ^4:782 (1989 , ; Qian & Beck , ff . ^ 
(1990); or Yang et al., j. B iol. chem. 265:10282^1990)] 

" f i 8 ::: y (Ru : 86) d was deveioped as an -^sti-ir:^ 

15 g"co™t- T" 9 ^ ^ ^ P^-terone and 
15 glucocorticoid receptors t see, for example, Gravanis et 

et'al z .I' End ° Crino1 - Metab - (1985) or Tentsch 

1 J * Bloch ^. li:549 (1988)]. i ts structure 

contains an HB- (dimethyl aminophenyl) substitution, which 
contributes to its antagonist properties. 

20 ™ /* RU486 inhibit p -9lycoprotein function, it 

resist " ^ *» «~« the drug 

:vco!s P c e ei°i T ^ ^ " Urine thym ° na CS11 line — 
The S7CD-5 cell line was derived from a steroid-sensitive 

mouse line, WEHI-7 [See Bourgeois et al Moi * „ nS " iVe 
25 7 • Rio ^oo^v „ 9 et al *» Mol « Endocrinol. 

var!ecv' , eI * reSSes «" ^« ^e„e ana is resist,,* to a 
vanety or drugs including colchicine puroycin 
dauno»y= ln and de*a»et„asone. ». resistancT ^ 
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dexamethasone is due to reduced intracli n . reS±Stance to 
„*. auoea intracellular accumulation 

sLTar BVe " th ° U9h raptors in 

S7CD-5 ara prasent at normal lavala and ara fullv 

functional. The drug resistance in this call li ne is 

:"*::: Vely , "™ * = varapaail, an established 

ant Her! P - gly r Pr ° tein fUn ° tiOT f. «« «-Ple, Ford 
ond Halt, Pharmacol. Rev. ^iss < 199o)) willinghim et al 
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Cancer Res. 16:5941 (1986); or Sofa et al. , J. Biol. Chem. 
162:7884 (1987)]. 



25 



When separate cultures of S7CD-5 cells (initially 
containing 4 x 10* cells/ml) were incubated with no 
5 additions, 5/iM RU486, 20 pH puromycin, or 5(M RU486 plus 20 
fM puromycin, the following observations were made. At the 
times indicated, samples were removed and the concentration 
of viable cells evaluated using a trypan blue exclusion 

test- The values represent-an average of 2 determinations 

10 for each time point. Neither drug, by itself, has a 
significant effect on the viability or proliferation of the 
cells. The combination, on the other hand, causes a 
complete loss of viability within 42 hours. The result 
with RU486 alone is not unexpected since it normally has 
15 little or no agonist activity for the glucocorticoid 
receptor [see Bourgeois et al., EMBO j. 3:751 (1984)]. 
These results are consistent with the possibility that 
RU486 acts, at another target and promotes the accumulation 
of puromycin in the cells. 

20 Example A 

Reversal of P uromycin Resistance in 
Cells Displaying MHR Phan»J-ypo 



The relative abilities of verapamil and RU486 to 
alter the resistance of S7CD-5 to puromycin are compared, 
separate sets of S7CD-5 cultures initially containing 5 x 
10 cells/ml were incubated in the indicated concentrations 
of puromycin for 5 days. The cultures contained: no 
additions, -0-; 5 M M RU486, -a-; or 5 M M verapamil, -a-. 
Another set of cultures containing the parental W7TB line 
30 without additions, is shown for comparison. 

At the end of the incubation period, the 
turbidities of the cultures (A^) were measured and 
normalized to values from the cultures without puromycin. 
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Fiaure i 4- SUEEa] . As shown in 

rxgure 1, the two druas are +^ 
5 e ffo r f ^ w , Seen to have a very similar 

tr.T™, ^ puro,,ycin resistan ° e »pp^— iy 

x/ zoia, to a level nearlv emiai «-« «-v a. 

y e «3ual to that seen with the 
sensitive parental cell line. 
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Example p 

— *ev»F«»-T-of- n».m™ Y ~.,- neR ^ ar ,_ , n 
Cells Displaying mt^ p^^- +Tr , r 

indi™^ Were set "P «*> incubated in the 

indicated concentrations of daunc.yoln (see Fiaure 2, in . 

IZ°LT containin9 H7IB - ~* 

-t •.rjT'^Sr'SL "a^e ' ~" 
significant since verapamil h ^"P*" 11 18 Particularly 

.est PO te»t ^^rrjz^sr^r of the 




— in 9 ^Li^e^r^r^ the 

r RU486 in the presence or absence of 20 M M 
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puromycin were determined. without puromycin, verapamil 
and RU486 have only modest effects on the cells 
proliferation and no visible effect on viability. in the 
presence of puromycin, verapamil causes a sharp decrease in 
5 proliferation at concentrations above 0.5 /M. RU486 
exhibits a very similar profile, only slightly displaced to 
higher concentrations. Indeed, microscopic inspection of 
the cultures revealed that all of the cells were dead in 
the presence of 20 /zm puromycin and of verapamil or RU486 
J 10 at concent rations_abnv«»- 2 p K - 

Example 7 

Previous studies have shown that P-glycoproteins 
transport the fluorescent drug rhodamine 123 [see, for 
.15 example, Neyfakh, Exp. Cell Res. 121:168 (1988) or 
Chaudhary and Roninson, Cell M:8 5 (1991)]. Rhodamine 
presents a comparison by flow cytometry of the capacities 
of RU486 and verapamil to inhibit the efflux of rhodamine 
123. 
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25 



30 



S7CD-5 cells were incubated for 30 minutes in 500 
ng/ml of rhodamine 123. At the end of the incubation, the 
cells were placed into fresh medium without rhodamine and 
maintained at 0«C until analysis. Samples of cells were 
isolated by centrifugation and resuspended in phosphate 
buffered saline at 37-c containing the drugs indicated in 
Figures. The controls contained no drug. Flow cytometric 
assays were performed on a Becton Dickinson (BD) FACStar 
Plus cell sorter and subsequent listmode data analysis done 
on a Sun SPARCStation 2 with software facilitating the time 
slicing of kinetics assay. Laser excitation was at 100 mW 
from an Argon laser tuned to 477 „m. The flow rate was 
maintained between 100 to 200 cells per second and 
rhodamine 123 fluorescence measured over a 4 decade range 
through the standard BD FL1 fluorescein bandpass filter 
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(520 ran). All listmode data files were collected on a 
Hewlett Packard Consort 32 System using LYSYS II (BD) 
configured to include time as a correlated listmode 
parameter over a period of 1024 seconds. Typically, files 
5 were time sliced into 32 points and rhodamine 123 
fluorescence averaged over a period of 4 seconds per point. 
The averaged values (geometric means) for each time slice 
were then normalized to the first point in the series to 
yield a value representing the percent rhodamine 123 
.remaining^ within-the-cel-ls-f or each time-point: " 
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In the absence of drug, 35% of the rhodamine was 
retained after 4.5 minutes at 37«C, and RU486 at l fM had 
no effect on this rate, in the presence of 5 fM and 10 fM 
RU486 the rates of efflux were significantly slower, with 
35% of the rhodamine being retained after 8 and 14 minutes 
respectively. m comparison, it took 16.5 minutes to 
efflux the same amount of rhodamine 123 in the presence of 
5 MM verapamil. The change with 5 fM RU486 is 0.8 fold 
(4.5 minutes to 8 minutes), the change with 10 fM RU486 is 
2.1 fold (4.5 minutes to 14 minutes), while the change with 
5 fM verapamil is 2.7 fold (4.5 minutes to 16.5 minutes). 
Therefore, the comparison suggests that RU486 is at least 
one third as effective as verapamil in inhibiting rhodamine 
efflux. 

The ability of RU486 to inhibit drug efflux is 
compared with that of dexamethasone and progesterone, with 
the results shown in Figure 4. in this experiment, 10 fM 
dexamethasone had no influence on the efflux rate. As 
expected, 10 fM progesterone had a measurable effect, but 
it was considerably smaller than the inhibition caused by 
5 fM RU486. At these hormone concentrations, RU486 was 
more than three times as effective as progesterone at 
inhibiting drug efflux. 
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These studies demonstrate that RU486 has the 
capacity to efficiently inhibit drug efflux promoted by the 
mouse marl P-glycoprotein and to reverse the multidrug 
resistant phenotype conveyed by expression of this protein. 
RU486 can achieve this effect at relatively low doses, just 
above i m are readily achievable [see, for example, 
Heikinheimo and Kekkonen, Ann. Med. 2j5:7l (1993)). Thus, 
given the similarity between the mouse and human P- 
glycoproteins, these results support the proposed use of 
_m4,8,6,,as-a-cl^ 

agent. This is particularly true since RU480 does not have 
the considerably toxic side effects associated with other 
chemosensitizing compounds such as the calcium-channel 
blocker verapamil. 

Example ft 

Effect of V^irms rhemosensj t i w , on v^k,--^ 
Sensitivity of H. man fceujseffi i g oii ^ 

Four separate cultures of CEM/VBL, 00 cells (an MDR 
variant of an human CEM leukemic cell l ine , selected as 
resistant to the chemotherapeutic agent, vinblastine) were 
prepared containing -5x10* cells/ml. Each culture, with 
either no drug addition (designated by 0) ; or containing 
5MM verapamil (designated by a) ; or containing 5jxM RU486 
(designated by .) ; or containing 5 M M progesterone 
(designated by A) was contacted with varying amounts of 
vinblastine (as shown in Figure 5). Thus, cells were 
dispensed into multiwell plates (i ml/well) and the 
indicated concentration of vinblastine was added. The 
cultures were incubated for 8 days at 37-c in the presence 
30 of 5% co 2 . At the end of the incubation period, the 
turbidity (at 660 n», of the resulting cell suspension was 
measured in each well, then normalized relative to the 
value obtained from cultures without any added vinblastine. 
The resulting measurements evaluate the proliferative 
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capacity of the cells. Each polnt in plgure s ents 
the average of two separate determinations. 

As can be seen upon inspection of the results 
presented in Figure 5, RD 4S. is nearly as effective as 
5 verapamil in facilitating the transport of vinblastine into 
otherwxse vrnblastine resistant cells. Even progesterone 
shows a s»all improvement in the ability of vinblastine to 
effect the viability of otherwise vinblastine resistant 



10 



wi«, v * inV6ntion has be *n described in detail 

with reference to certain preferred embodiments thereof, it 

Titbit ^ ^ m ° dif iCati ° nS a " d variations are 

"aimed ^ ^ ^ ° f ^ WMCh is — and 
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That which is claimed is: 

1. A method for reducing multidrug resistance in 
a subject undergoing chemotherapy, said method comprising: 
administering to said subject, in conjunction 
vith a chemotherapeutic agent, an effective amount of a 
5 compound having the structure: 



R* R 6 



_R* 



15 




wherein: " 

20 R 1 = R 2 = 0; or R 1 = hydrogen and 

R 2 is OR, wherein R is selected from hydrogen, 

lower alkyl or trimethylsilyl; and 
R 3 is absent when there is a double bond between 
C and c 10 , or when there is an epoxide 
25 bridging c 9 and c'°, or R 5 is hydrogen or 

methyl; and 

R* is -OR', wherein R« is lower alkyl or 
trimethylsilyl, or R* is an organic radical 
having in the range of 4 up to 18 carbon 
atoms containing at least one atom selected 
from the group consisting of oxygen, 
nitrogen, phosphorus and silicon, wherein 
the atom immediately adjacent C 11 is carbon, 
and said organic radical includes a cyclic 
moiety selected from an alicyclic ring, a 
heterocyclic ring, a carbocyclic aromatic 
ring, or a heterocyclic aromatic ring, 
wherein said cyclic moiety contains an 
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oxygen-, nitrogen-, phosphorus- or silicon- 
40 bearing substituent, 

R is hydrogen or OR, wherein R is as defined 
above, or R 5 is a 3, 4 or 5 atom bridging 
species which forms part of a 3-, 5-, 6- or 
7-membered ring including C 16 and C 17 as part 
45 of the ring; and 

R 6 is selected from: 
-c<o)-CH 3 , 

= CH(0H)-CHj; " 

-C(0)-CH 2 OH, or 
50 -(R 7 )o.i-R 8 , wherein 

R , when present, is a saturated or 
unsaturated hydrocarbyl radical 
having in the range of 1 up to 8 
carbon atoms, and 
° 5 R is selected from hydrogen, halogen, 

trimethylsilyl, phenyl or 
substituted phenyl, and 
is absent when there is a double bond between 
c and c , or, when present, R 9 is selected 
from. hydrogen or halogen. 

2. a method according to claim 1 wherein R 4 is 
- (CH 2 ) - (C 6 H 3>4 ) - [X 0 (CH 2 ) y -X • ] 

wherein : 

x is 0-3, 

5 y is 0-2, 

z is l when the aromatic ring is c 6 H 4 , or 

2 when the aromatic ring is c 6 H 3 , 
X is o or s, 

10 0" 

X' is hydrogen, OR, NR« 2 , n + R» 3 , N*R« 2 ,. or 
N0 2 , wherein R is as defined above and 
R" is hydrogen or a lower alkyl group. 



R' 
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3 . A method according to claim 2 wherein x is 0 . 

4. A method according to claim 2 wherein z is 1, 
and the substituent on the phenyl ring is located at the 
para position of the ring. 

5. A method according to claim 4 wherein the 
substituent on the phenyl ring is selected from: 

-0-CH 2 CH 2 -NR" 2 , 

-0-GH 2 GH 2 ~N*R"3 7 -or 



5 °* 

-0-CH ? CH 2 -N*R» 2 . 

6. A method according to claim 2 wherein z is 2, 
and the substituents on the phenyl ring are located at the 
meta and para positions of the ring. 

7. A method according to claim 5 wherein the 
para substituent is selected from OR, NR» 2 , N + R" 3 , 

o" • 

u 

5 NR" 2 , or N0 2 . 

8 . A method according to claim l wherein R 5 is a 
3, 4 or 5 atom bridging species selected from alkylene, or 
O-, C(O)-, N-, and/or S-containing alkylene moiety. 

9. A method according to claim 8 wherein said 
bridging species is selected from -(CH 2 ) 3 . 5 -, -C(CH 3 ) 2 -, 
-0-<CH 2 ) 2 _ 4 -, -0-(CH 2)l .3-0- r -(CH 2 ) 12 - 0 -(CH 2 ) 12 - or 
-0-CH 2 -C(0)-CH 2 -0-. 

10. A method according to claim l wherein R 7 is 
selected from - (CH 2 ) X -CR'=CR« -(CH 2 ) X - or -(CH 2 ) x -c S C-(CH 2 ) x -, 
wherein each x is independently selected from 0-6. 

11. A method according to claim 1 wherein R 8 is 
selected from hydrogen, chloro, trimethylsilyl or phenyl. 
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12. A method according to claim 1 wherein R 9 is 



hydrogen. 



13. A method according to claim l wherein R 6 is 
selected from: 

-C(0)-CH 3 , 
-CH(OH)-CH 3 , or 
-C(0)-CH 2 OH. 



- 14^ A-method-according~to claim-l wherein-R 6 has 

the structure: 

-(CH^o^-Csc-R 8 , wherein 

R is selected from hydrogen, chloro, 
trimethylsilyl or phenyl. 

15. A method according to claim 1 wherein R 6 is 
selected from 

-CH 2 -CH=CH 2 , 

-CH 2 -C£CH, 

-Csc-H, 

-CsC-CH 3# 

-C-C-Cl, 

-Csc-C 6 H 5 , or 

-CsC-SiMe 3 . 

16. A method according to claim 1 wherein said 
compound contains a double bond between C 1 and C 2 . 

17. A method according to claim 16 wherein said 
compound contains a double bond between C* and C 5 . 

18. A method according to claim 17 wherein said 
compound contains a double bond between C 9 and C 10 . 



19. A method according to claim 16 wherein said 
compound contains a double bond between C 9 and C 10 . 
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20. A method according to claim l wherein said 
compound contains a double bond between C* and C s . 

21. A method according to claim 20 wherein said 
compound contains a double bond between C 9 and C 10 . 

22. A method according to claim 1 wherein said 
compound contains a double bond between C 9 and C 10 . 

23 A method according- to claim" 1 wherein said 
compound has an epoxide bond bridging c 9 and C 10 . 

24. A method according to claim 16 wherein said 
compound has an epoxide bond bridging c 9 and c 10 . 

25. A method according to claim 17 wherein said 
compound has an epoxide bond bridging c 9 and C 10 . 

5 26. A method according to claim 20 wherein said 

compound has an epoxide bond bridging C 9 and C 10 . . 

27. A method according to claim 1 wherein 
R 1 - R 2 - 0, 
R 5 is methyl, 

5 f 

R 4 is -C 6 H 4 -NMe 2 or -C 6 H<-nV 2 , 
R 5 is OH, 

R 6 is selected from: 
-CH 2 -CH=CH 2 , 
-CH 2 -CsCH, 
-C=C-H, 
-CeC-CH 3 , 
-CeC-Cl, 
-C=C-C 6 H5 , or 
i5 -C=c-SiMe 3 . 
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28 • A method of enhancing the intracellular 
accumulation of a molecule within a cell, said method 
comprising; 

(a) contacting the cell with a sufficient 
concentration of a compound having the 
structure: 



H 



10 



15 



20 



«»\ / 



I 



R 1 



R I 

i r9 i 



C 17 - 

13^ \ 



,16 



,15 



wherein: 



25 



30 



35 



R 2 = O; or R 1 



hydrogen and 



is OR, wherein R is selected from hydrogen, 

lower alkyl or trimethylsilyl ; and 
is absent when there is a double bond between 



and c 10 , 



or when there is an epoxide 
or R 3 is hydrogen or 



bridging c and c' 
methyl; and 

is -OR', wherein R< is lower alkyl or 
trimethylsilyl, or R 4 is an organic radical 
having in the range of 4 up to 18 carbon 
atoms containing at least one atom selected 
from the group consisting of oxygen, 
nitrogen, phosphorus and silicon, wherein 
the atom immediately adjacent C 1 ' is carbon, 
and said organic radical includes a cyclic 
moiety selected from an alicyclic ring, a 
heterocyclic ring, a carbocyclic aromatic 
ring, or a heterocyclic aromatic ring, 
wherein said cyclic moiety contains an 



R 5 
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^ ygen_ ' nit ^n-, Phosphorus- or silicon- 
bearing substituent, 

iS ab h 0 T° 9en T ° R ' WherBin * is as d ^-ed 
above, or R is a 3, 4 or 5 atom bridging 
species which forms part of a 3-, 5 - , 6- or 
7-membered ring including c 16 and c 17 as part 
^ of the ring; and 
R is selected from: 
-C(0)-CH 3 , 

CH(OH)--CH^ 



45 



-C(0)-CH 2 OH, or 
~(R ) 0 ,i-R 8 / wherein 

R 7 , when present, is a saturated or 
unsaturated hydrocarbyl radical 
55 havin 9 in the range of 1 up to 8 

carbon atoms, and 
R is selected from hydrogen, halogen, 
trimethylsilyi, phenyl 
w 9 . w substituted phenyl, and 

C' «T^ Bn ^ iS 3 d ° Uble bond ^t W ee„ 

Li t. h ' WhSn PreSent ' R9 is Elected 

from hydrogen or halogen 

to inhibit extracellular transport of the 

molecule from the cell; and 

(b) contacting the result 
65 ««i , resulting cell with said 

molecule so as to e ff 0 „ f . . 

to effect intracellular 
.=cu»uUtio„ o£ »„ noleeule „ ithin U ^ 

cell is . IIJ^T* aCCOrdi " 9 *° " *- 

tumor cent a^Velr 41 " 9 " ^ " *« *" — 
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31 • A »ethod of enabling a molecule to cross the 
blood-brain barrier and accurate in the central nervous 
system whxch molecule is not normally capable of crossing 
such barrxer and accumulating in the central nervous 
5 system, said method comprising: 

(a) contacting the blood-brain barrier with a 
sufficient concentration of a compound 
having the structure: 



10 



15 



20 




wherein: 



R 1 - R c = o; or R 1 = hydrogen and 



2 ..juiuycn ana 

R iS 1 ° R ' Whetein * is ■•!•«*- from hydrogen, 

3 lower alkyl or trimethylsilyl ; and 

* is absent when there is a double bond between 
C and c or when there is an epoxide 
bridging c> and c", or R 3 is hydrogen or 
methyl; and 

R< " Whereln *' is lower alkyl or 

trxmethylsilyl, or R* is an organic radical 
having in the range of 4 up to 18 carbon 
atoms containing at least one atom selected 
35 J.™ gr ° Up insisting of oxygen, 

nxtrogen, phosphorus and silicon, wherein 
the atom immediately adjacent c 11 is carbon 
and said organic radical includes a cyclic 
moiety selected from an alicyclic ring, a 
heter ° CyClic rin *< a carbocyclic aromatic 
ring, or a heterocyclic aromatic ring 
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an 



R 5 



wherein said cyclic moiety contains „ 
oxygen-, nitrogen-, phosphorus- or silicon- 
bearing substituent, 
is hydrogen or OR, wherein R is as defined 
above, or R 5 is a 3, 4 or 5 atom bridging 
species which forms part of a 3-, 5-, 6- or 
7-membered ring including c 16 and c 17 as part 
of the ring; and 
R is selected from: 



50- 



-C(0)-CH 3 , 
-CH(0H)-CH 3 , 



R 9 



-C(0)-CH 2 0H, or 

-(R ) 0 ,i~R / wherein 
55 R7 ' when Present, is a saturated or 

unsaturated hydrocarbyl radical 
having in the range of i up to 8 
carbon atoms, and 
R 8 is selected from hydrogen, halogen, 
60 trimethylsilyi, phenyl- or 

substituted phenyl, and 
is absent when there is a double bond between 
C and c , or, when present, R* is selected 
from hydrogen or halogen 

65 !° 6nable Said mole ^le to cross the 

barrier, and 

contacting the resulting barrier with said 
molecule so as to enable said molecule to 
cross the barrier. 

Use of a compound having the structure: 



(b) 



32. 
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10 



15 wherein: 

] 

,2 




- R 2 = o; or R 1 = hydrogen and 



R is OR, wherein R ls selected from hydrogen, 
3 lower alkyl or trimethylsilyl; and 

20 * " f SBnt W ^ 0 en the " " a double bond between 

C and c or when there is an epoxide 
bridging c' and C 10 , or R 3 is hydrogen or 
methyl; and 

R 4 is -OR', wherein R ' is lower alkyl or 
25 • ^ riroeth y ls ilyl, or R* is an organic radical 

having in the range of 4 up to 18 carbon 
atoms containing at least one atom selected 
from the group consisting of oxygen, 
nitrogen, phosphorus and silicon, wherein 
30 thS &tom Mediately adjacent c" is carbon 

and said organic radical includes a cyclic 
moiety selected from an alicyclic ring, a 
heterocyclic ring, a carbocyclic aromatic 
rang, or a heterocyclic aromatic ring 

35 WhSrein Sald Cyclic ™ oi ^y contains an 

oxygen-, nitrogen-, phosphorus- or silicon- 
bearing substituent, 
R 5 is hydrogen or OR, wherein R is as aefined 
above, or R is a 3 , 4 or 5 atom bridging 
40 BpeCieS Whlch part of a 3-, 5-, 6- or 

7-membered ring including c 16 and c 17 as part 
of the ring; and 
is selected from: 



R 6 
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45 



50 



55 



-C(0)-CH 3/ 
-CH(OH)-CH 3 , 
-C(0)-CH 2 0H, or 
~C R )o ( i~ r8 » wherein 

when Present, is a saturated or 
unsaturated hydrocarbyl radical 
having in the range of 1 up to 8 
carbon atoms, and 

R 8 i* selected from hydrogen ,_ halogen, 

trimethylsilyi, phenyl or 
substituted phenyl, and 
absent when there is * double bond between 
C and C , or, when present, R 9 is selected 
from hydrogen or halogen 

or a pharmaceutical^ acceptable salt thereof in 
effect of an antineoplastic agent. 

33. A pharmaceutical composition comprising 



R 9 is 



R* R 6 



, « CH 3 \ / 



R C 
15 wherein: 

R^ = R 2 = O; or R 1 = hydrogen and 

R is OR, wherein R is selected from hydrogen, 
lower alkyi or trimethylsilyi; and 

C 9 a^ V T thGre ^ 3 d ° Uble b ° nd bet — 
C , or when there is an epoxide 
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bridging c ' and c'°, or R z . 
4 methyl; and ls hydrogen or 

R is —or ■ 



LS -OR', wherein R . le . 
trimethyi silyl/ or R « . 16 lower alkyi or 
h ~ing in the range £ ~ radical 

atoms containing at iJL " Carbon 

*rom the ' ' eaSt one ^o m selected 

--ogen, JL^T^J* ~- 

~ -id organic radic^iTVr * Carb ° n ' 
»oiety selected from inClUdes • cyclic 

heterocyclic ring a *" ali ^lic ring, a 

* in 3< or a hete^iTc yCllC 
herein Said cyclic ^ rin *< 
o^gen., nitrogen- l ? y stains an 
. b — ing substituen; Ph ° SPh ° rus - or sii icon . 
is "ydrogen or or „1 . 

secies which forms ^ ~ » f 

• of the ring; and * C as Pwrt 

ls se lected from: 
-C(O) -ch 3 , 

-CH(OH)-CH 3/ 



-C(0)-CH 2 OH, or 

-<*)o.r-R 8 , wherein 



Whe » Present, ls a saturated 
unsaturated hydrocarbyi radl T 
h -ing in the range of a R 

carbon at-™,,- 1 up to 8 

on atoms, an<J 

*«« hy4ro gen or hal ^° nt ' *<= selected 
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a phitmaoe uticaiiy — * — 

clal. 33 „w , * Pl ] an " aceutt «l composition aooording to 
L'oTd composition is solid, se-i-solid or 
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